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Objective: This study assessed the vascular distribution of stroke after thoracic endovascular aortic repair (TEVAR) and
its relationship to perioperative death and neurologic outcome.
Methods: A retrospective review was performed for patients undergoing TEVAR between 2001 and 2010. Aortic arch
hybrid and abdominal debranching cases were excluded. Demographics, operative variables, and neurologic complica-
tions were examined. Stroke was defined as any new focal or global neurologic deficit lasting>24 hours with radiographic
confirmation of acute intracranial pathology.
Results: Perioperative stroke occurred in 20 of 530 patients (3.8%) undergoing TEVAR. The cohort was 55% male and a
mean age of 75.2 8.9 years (range, 57-90 years). Among patients with perioperative strokes, the indication for surgery
was degenerative aneurysm in 14 (mean diameter, 6.8 cm), acute type B dissection in four, penetrating atherosclerotic
aneurysm in one, and aortic transection in one. Cases were performed urgently or as an emergency in 60%. The proximal
landing zone was zone 2 in 11 or zone 3 in nine. All strokes were embolic. The vascular distribution of stroke involved
the anterior cerebral (AC) circulation in eight (zone 2, n  5) and the posterior cerebral (PC) circulation in 12 (zone 2,
n 6). Laterality of cerebral infarction included five right-sided, eight left-sided, and seven bilateral strokes. Nine strokes
were diagnosed <24 hours after operation. There was no difference in baseline demographics, aortic pathology, acuity,
zone coverage, preoperative left subclavian artery revascularization, number of stents, or estimated blood loss between
stroke groups based on vascular distribution. Independent risk factors for any perioperative stroke were chronic renal
insufficiency (odds ratios [OR], 4.65; 95% confidence interval [CI], 1.22-17.7; P .02) and history of prior stroke (OR,
4.92; 95% CI, 1.69-14.4; P  .004); the risk factor for AC stroke was prior stroke (OR, 7.67; 95% CI, 1.25-46.9; P 
.03) and the risk factors for PC stroke were age (OR, 1.11; 95% CI, 1.00-1.23; P .04), prior stroke (OR, 7.53; 95% CI,
1.78-31.8; P  .006), zone 2 coverage (OR, 6.11; 95% CI, 1.15-32.3; P  .03), and penetrating atherosclerotic ulcer
(OR, 32.7; 95% CI, 1.33-807.2; P  .03). Overall in-hospital mortality was 20% (n  4), with those sustaining PC
strokes observed to trend toward increased mortality (33% vs 0%; P .12). Patients with AC strokes were more likely than
those with PC strokes to achieve complete recovery of neurologic deficits before discharge (75% vs 17%; P  .02).
Conclusions: Perioperative stroke after TEVAR is primarily an embolic event. Although infrequent, stroke was associated
with significant morbidity and death, particularly among those with strokes involving the PC circulation. (J Vasc Surg
2012;56:1510-7.)
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stroke remains an important complication of thoracic endo-
vascular aortic repair (TEVAR) and is associated with signifi-
cant morbidity and mortality.1 Recent clinical series have
reported a 2% to 8% incidence of stroke after TEVAR.2-5
The underlyingmechanisms contributing to acute ischemic
From the Division of Vascular Surgery and Endovascular Therapy, Depart-
ment of Surgery,a Department of Neurology,b Department of Anesthesi-
ology and Critical Care,c and Division of Cardiovascular Surgery, Depart-
ment of Surgery,d Hospital of the University of Pennsylvania.
Peter B. Samuels Award Finalist at the Fortieth Annual Symposium of the
Society for Clinical Vascular Surgery, Las Vegas, Nev, March 14-17, 2012.
Author conflict of interest: none.
Reprint requests: Grace J. Wang, MD, Hospital of the University of Penn-
sylvania, Department of Surgery, 4 Silverstein Pavilion, 3400 Spruce St,
Philadelphia, PA 19104 (e-mail: grace.wang@uphs.upenn.edu).
The editors and reviewers of this article have no relevant financial relationships
to disclose per the JVS policy that requires reviewers to decline review of any
manuscript for which they may have a conflict of interest.
0741-5214/$36.00c
Copyright © 2012 by the Society for Vascular Surgery.
http://dx.doi.org/10.1016/j.jvs.2012.05.086
1510troke after TEVAR are not completely understood. The
linical manifestations and radiographic distribution ob-
erved in these patients have led investigators to postulate
hat cerebral embolization and, perhaps to a lesser degree,
ascular insufficiency may be contributing factors.1,5,6 The
linical severity of stroke relates to the size and quantity of
erebral emboli, the vascular territory affected, and the age
nd rehabilitation potential of the patient.
The present study represents the first investigation
ocusing on the vascular distribution of stroke and its effect
n death and neurologic outcomes after TEVAR.
ETHODS
A retrospective review of a prospectively collected clin-
cal database was performed for patients undergoing
EVAR between 2001 and 2010 at one academic medical
enter. Aortic arch hybrid and abdominal debranching
ases were excluded. Medical records and imaging studies
ere analyzed to identify patients whose perioperative
ourse was complicated by stroke. Baseline demographics,
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Volume 56, Number 6 Ullery et al 1511cardiovascular risk factors, prior stroke, aortic pathology,
acuity, intraoperative procedure-related variables, stent
graft device usage, and perioperative outcomes were as-
sessed. The information regarding medical history was ob-
tained from a retrospective record review.
A significant proportion of patients had some type of
cardiac or pulmonary comorbidity. In all elective cases, pa-
tients had preoperative cardiac imaging, including a stress test
and echocardiogram. Patients demonstrating evidence of re-
versible ischemia underwent subsequent cardiac catheteriza-
tion and correction of underlying coronary lesions to optimize
coronary perfusion. Baseline pulmonary status was assessed at
the discretion of the operating surgeon. Preemptive left
carotid-to-subclavian artery bypasswas performed for all elec-
tive cases involving anticipated zone 2 coverage.
Stroke was defined as any new focal or global neurologic
deficit lasting24 hours with associated computed tomogra-
phy (CT) or magnetic resonance imaging evidence of acute
intracranial abnormality. Global deficits included any motor
or sensory neurologic deficits not in a defined anatomic dis-
tribution. A stroke neurologist promptly evaluated all pa-
tients who demonstrated clinical evidence of a perioperative
neurologic deficit. The mechanism, vascular distribution
(anterior vs posterior cerebral circulation), onset, laterality,
and clinical manifestations of stroke were recorded for all
patients with clinical and radiographic evidence of stroke.
Neurologic status at the time of hospital discharge and
midterm follow-up, as documented by the stroke neurolo-
gist, was also noted.
Statistical analysis. Clinical data were recorded and
tabulated with Excel software (Microsoft Corp, Redmond,
Wash). Univariate analysis was performed to identify differ-
ences among patients with perioperative stroke relative to
medical comorbidities, aortic pathology, procedure-related
variables, or stroke characteristics. Continuous variables were
compared between groups using the unpaired Student t-test,
and dichotomous variables were examined with 2 or Fisher
exact test. Multivariate logistic regression analysis was per-
formed to identify risk factors for perioperative stroke.
Results are presented as mean standard deviation for
continuous variables and frequencies for categoric vari-
ables. Odds ratios (ORs) are presented with 95% confi-
dence intervals (CIs). Statistical significance was set at P 
.05 for all analyses. Statistical analyses were performed
using SAS 9.0 software (SAS Institute Inc, Cary, NC).
RESULTS
Overall stroke cohort. Perioperative stroke occurred
in 20 of 530 patients (3.8%) undergoing TEVAR during
the study period. Demographics and perioperative charac-
teristics for patients with and without stroke are listed in
Table I.Mean age of the stroke cohort was 75.2 8.9 years
(range, 57-90 years), and 55% were men. Indications for
surgery among those patients developing perioperative stroke
included degenerative aneurysm in 14 (mean diameter, 6.5
cm), acute type B dissection in four, penetrating atheroscle-
rotic ulcer in one, and aortic transection in one. Procedures 2ere performed urgently or as an emergency in 60% due to
ontained rupture in nine or severe back pain in three.
Univariate analysis demonstrated that patients with peri-
perative stroke were more likely to have a history of prior
troke, chronic renal insufficiency (CRI), and higher surgical
cuity (urgent or emergency operation) relative to patients
ithout perioperative stroke. Multivariate analysis identified
RI (OR, 4.65; 95%CI, 1.22-17.7;P .02) and prior stroke
OR, 4.92; 95%CI, 1.69-14.4; P .004) as independent risk
actors for the development of perioperative stroke.
Technical success was achieved in all patients, with no
ype I or type III endoleaks, aborted procedures, or con-
ersions to open repair. A mean of 2.4 stent grafts (range,
-4) were used in each case. The route for stent graft
elivery was transfemoral in 15 or transiliac in five. Of the
able I. Univariate analysis of demographic and perioperative
haracteristics for patients with and without perioperative stroke
fter thoracic endovascular aortic repair (TEVAR)
ariablea
Stroke
(n 20)
No stroke
(n 510) P
emographics
Age, years 75.2  8.9 71.1  12.1 .37
Male sex 11 (55) 304 (60) .82
omorbidities
Hypertension 20 (100) 498 (98) .99
Prior stroke 8 (40) 63 (12) .002
Atrial fibrillation 7 (35) 110 (22) .17
Prior MI 6 (30) 115 (23) .42
CRIb 8 (40) 52 (10) .003
COPD 6 (30) 121 (24) .59
Hyperlipidemia 13 (65) 220 (43) .07
Tobacco use 8 (40) 246 (48) .50
Coronary artery
disease
10 (50) 225 (44) .65
Diabetes mellitus 4 (20) 94 (18) .55
ortic pathology
Thoracic aortic aneurysm 14 (70) 393 (77) .43
Acute type B
dissection
4 (20) 77 (15) .53
PAU 1 (5) 25 (5) .99
Traumatic transection 1 (5) 15 (3) .46
cuity .004
Elective 8 (40) 372 (73)
Urgent/emergency 12 (60) 138 (27)
oute of device delivery
Transfemoral 15 (75) 377 (74) .99
Transiliac 5 (25) 123 (24) .99
Other 0 (0) 10 (2) .99
one coverage
Zone 2c 11 (55) NA . . .
Zone 3d 9 (45) NA . . .
SA revascularization 7 (35) 121 (24) .29
OPD, Chronic obstructive pulmonary disease; CRI, chronic renal insuffi-
iency; LSA, left subclavian artery; MI, myocardial infarction; NA, not
vailable; PAU, penetrating atherosclerotic ulcer.
Continuous data presented as mean standard deviation; categoric data as
umber (%).
Creatinine 1.5 mg/dL.
Endovascular coverage from the left common carotid artery to the left
ubclavian artery.
Endovascular coverage within 2 cm of the left subclavian artery.0 patients, the proximal landing zone was zone 2 in 11 or
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December 20121512 Ullery et alzone 3 in nine. Seven of the 20 patients underwent a
preoperative left carotid-to-subclavian bypass procedure,
all of whom underwent embolization of the proximal left
subclavian artery. Brachial arterial access was obtained for
the seven patients who underwent preemptive left carotid-
to-subclavian bypass in the stroke cohort. Stroke developed
in four of these seven patients in the anterior cerebral (AC)
circulation (left-sided, n  2; right-sided, n  1; bilateral,
n  1) and three in the posterior cerebral (PC) circulation
(left-sided, n  2; bilateral, n  1).
Intraoperative monitoring with electroencephalogra-
phy (EEG) was used in nine patients, with only one (11%)
demonstrating EEG changes intraoperatively. All strokes
were classified as embolic based on brain imaging; none of
the strokes were hemorrhagic. Laterality of cerebral infarc-
tion varied, including five right-sided, eight left-sided, and
seven bilateral strokes. Nine strokes were diagnosed 24
hours postoperatively, with the remainder occurring at a
median of 72 hours. Neurologic deficits were focal in 16
patients and global in four. Presence of bilateral stroke was
significantly associated with global deficits (P  .01).
Postoperative complications are noted in Table II. Ac-
cording to univariate analysis, the development of periop-
erative stroke was associated with significantly higher in-
hospital mortality (20% vs 6%; P  .03), perioperative
arrhythmia (30% vs 9%; P .01), and cardiac arrest (10% vs
1%; P  .03). Mean intensive care unit and total hospital
lengths of stay for patients who sustained perioperative
strokes were 7.8 10.4 days (range, 1-36 days) and 14.1
10.9 days (range, 7-50 days), respectively.
Stroke cohort based on vascular distribution.
Vascular distribution of stroke included the AC circulation
in eight patients and PC circulation in 12. No patients had
combined AC and PC strokes. The two groups did not
differ in baseline demographics, aortic pathology, acuity,
route of stent graft delivery, zone coverage, preoperative
left subclavian artery (LSA) revascularization, number of
stents, or estimated blood loss (Table III). Multivariate
logistic regression analysis identified prior stroke (OR,
7.67; 95% CI, 1.25-46.9; P .03) was associated with AC
stroke. Independent risk factors for PC strokes included
age (OR, 1.11; 95% CI, 1.00-1.23; P  .04), prior stroke
(OR, 7.53; 95% CI, 1.78-31.8; P .006), zone 2 coverage
Table II. Postoperative outcomes in patients with and
without perioperative stroke
Variable
Stroke
(n  20)
No. (%)
No stroke
(n  510)
No. (%) P
In-hospital death 4 (20) 29 (6) .03
Complications
Respiratory failure 5 (25) 63 (12) .16
Arrhythmia 6 (30) 47 (9) .01
Cardiac arrest 2 (10) 5 (1) .03
Acute renal failure 1 (5) 21 (4) .58
Spinal cord ischemia 1 (5) 16 (3) .49(OR, 6.11; 95% CI, 1.15-32.3; P  .03), and penetrating stherosclerotic ulcer (OR, 32.7; 95% CI, 1.33-807.2; P 
03; Table IV).
Characteristics and clinical manifestations of stroke
ased on vascular distribution are listed in Tables V and VI.
he median onset of stroke was 39.5 hours postoperatively
n the AC group and 24.0 hours in the PC group. Two
atients in each group sustained an intraoperative stroke, as
oted by intraoperative neuromonitoring or neurologic
eficits detected upon emergence from anesthesia, or both.
he incidence and composition of postoperative compli-
ations was not significantly different according to vas-
ular distribution of stroke (Table VII). Patients with PC
able III. Univariate analysis of demographic and
erioperative characteristics for patients with anterior and
osterior stroke after thoracic endovascular aortic repair
TEVAR) univariate analysis
ariablea
Anterior stroke
(n  8)
Posterior stroke
(n  12) P
emographics
Age, years 73.1 8.1 76.6 9.1 .41
Male sex 6 (75) 5 (42) .20
omorbidities
Hypertension 8 (100) 12 (100) .99
Prior stroke 3 (38) 5 (42) .99
Atrial fibrillation 4 (50) 3 (25) .36
Prior MI 2 (25) 4 (33) .99
CRIb 3 (38) 5 (42) .99
COPD 3 (38) 3 (25) .64
Hyperlipidemia 5 (63) 8 (67) .99
Tobacco use 3 (38) 5 (42) .99
Coronary artery disease 6 (75) 4 (33) .17
Diabetes mellitus 1 (13) 3 (25) .62
Prior aortic intervention 1 (13) 2 (17) .99
ortic pathology .52
Thoracic aortic aneurysm 7 (87) 7 (58)
Acute type B dissection 1 (13) 3 (25)
PAU 0 (0) 1 (8)
Traumatic transection 0 (0) 1 (8)
cuity .70
Elective 4 (50) 4 (33)
Urgent 2 (25) 3 (25)
Emergency 2 (25) 5 (42)
oute of device delivery .60
Transfemoral 7 (87) 8 (67)
Transiliac 1 (13) 4 (33)
Other 0 (0) 0 (0)
one coverage .67
Zone 2c 5 (63) 6 (50)
Zone 3d 3 (37) 6 (50)
SA revascularization 4 (50) 3 (25) .36
tents per patient, No. 2.4 0.9 2.4 0.5 .90
stimated blood loss, mL 253.1 380.0 289.2 187.0 .78
OPD, Chronic obstructive pulmonary disease; CRI, chronic renal insuffi-
iency; LSA, left subclavian artery; MI, myocardial infarction; PAU, pene-
rating atherosclerotic ulcer.
Continuous data presented as mean standard deviation; categoric data as
umber (%).
Creatinine 1.5 mg/dL.
Endovascular coverage from the left common carotid artery to the left
ubclavian artery.
Endovascular coverage within 2 cm of the left subclavian artery.trokes did, however, trend toward increased in-hospital
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Volume 56, Number 6 Ullery et al 1513death (33% vs 0%; P  .12). Posterior circulation strokes
that occurred during the emergency or urgent setting had a
mortality rate of 50%, whereas all patients who sustained
AC strokes in the emergency or urgent setting survived
(P  .21). Patients with AC strokes were more likely than
those with PC strokes to achieve complete recovery of
neurologic deficits before hospital discharge (75% vs 17%;
P  .02; Fig 1). Six of the eight patients with AC strokes
were ultimately discharged to a rehabilitation facility, with
one of the remaining two patients discharged directly to
home and the other to a long-term acute-care facility. Of
the eight patients with PC strokes who survived to hospital
discharge, five required an interim stay at a rehabilitation
facility and three were discharged home.
Interval follow-up was performed by review of medical
records, Social Security Death Index, and telephone con-
tact with the patient, family, or the primary care physician.
No patients were readmitted with an interval stroke after
their TEVAR procedure. Patients without perioperative
stroke had significantly better survival outcomes than those
with perioperative stroke (log-rank, P  .02; Fig 2). At a
mean follow-up of 49.2  26.6 months, mean postopera-
Table IV. Multivariate analysis of independent
predictors of perioperative stroke
Variable OR (95% CI) P
Any stroke
Prior stroke 4.92 (1.69-14.4) .004
CRIa 4.65 (1.22-17.7) .02
Anterior circulation stroke
Prior stroke 7.67 (1.25-46.9) .03
Posterior circulation stroke
Prior stroke 7.53 (1.78-31.8) .006
Age 1.11 (1.00-1.23) .04
Zone 2 coverageb 6.11 (1.15-32.3) .03
PAU 32.7 (1.33-807.2) .03
CI, Confidence interval; CRI, chronic renal insufficiency; OR, odds ratio;
PAU, penetrating atherosclerotic ulcer.
aCreatinine 1.5 mg/dL.
bEndovascular coverage from the left common carotid artery to the left
subclavian artery.
Table V. Stroke characteristics based on vascular
distribution of stroke
Variablea
Anterior stroke
(n  8)
Posterior stroke
(n  12) P
Stroke onset, hours 129.8  252.7 32.4  31.7 .20
Laterality of stroke .70
Right 2 (25) 3 (25)
Left 4 (50) 4 (33)
Bilateral 2 (25) 5 (42)
Neurologic deficit .62
Focal 7 (87) 9 (75)
Global 1 (13) 3 (25)
aContinuous data presented as mean standard deviation; categoric data as
number (%).tive survival for patients surviving to hospital discharge was t9.9  31.2 months (range, 1.4-74.9 months) for those
ith AC strokes and 20.6 12.6 months (range, 3.4-37.7
onths) for those with PC strokes (log-rank, P  .169;
ig 3). Six of the patients (75%) with AC strokes continued
o exhibit a normal neurologic examination (no focal defi-
it) at the time of follow-up; one additional patient exhib-
ted persistent hemiparesis and expressive aphasia, and one
atient suffered from ongoing neurologic decline, with no
urposeful movement, and died at a long-term acute-care
acility on postoperative day 43. Only two of the eight (25%)
atients with PC strokes who survived to hospital discharge
ere without neurologic deficits at their follow-up examina-
ion. Of the remaining patients with PC strokes, hemiparesis
as present in four and mild dysarthria in two.
ISCUSSION
Stroke complicated nearly 4% of TEVAR procedures
uring our 9-year study period, with 12 of 20 strokes (60%)
nvolving the PC. Feezor et al3 cited a similar 4.6% inci-
ence of stroke with two AC strokes (22.2%), six PC strokes
66.7%), and one stroke (11.1%) involving the AC and PC
irculations. Mariscalco et al7 reported cerebrovascular ac-
idents complicated eight of 76 TEVAR patients (10.5%),
ve (63.5%) of which involved the PC circulation. How-
ver, a recent series by Clough et al8 demonstrated a higher
ncidence of AC strokes. Stroke occurred in 16 of 293
atients (5.5%) in their series: 11 (68.8%) were related to
he AC and five (31.2%) to the PC.
Nearly one-half of strokes in our cohort were diagnosed
24 hours after the procedure. In the original report by
utsche et al,1 perioperative embolic strokes after TEVAR
ere observed immediately during the procedure or in the
arly postoperative period. The explanation for this finding
as that the combination of aortic arch atheroma and intra-
perative instrumentation of the aorta created a situation in
hich the aortic atheroma became unstable or vulnerable to
mmediate thromboembolism (intraoperatively) or delayed
hromboembolism (in the early postoperative period).
Notably, perioperative stroke in our series was associ-
ted with significantly greater in-hospital mortality of
0.0% (four of 20 patients) compared with a 5.7%mortality
ate in patients without stroke. In our previous examination
f patients involved in the thoracic aortic stent graft trials
rom 1999 to 2006, stroke occurred in 5.8% and was
ssociated with a 33.3% (three of nine patients) in-hospital
ortality rate.1 Those without stroke, in contrast, had an
n-hospital mortality rate of 6.5% (10 of 162 patients).
ariscalco et al7 also noted a higher mortality rate (25.0%
s 7.3%) for patients with postoperative transient ischemic
ttack or strokes.
The trend toward increased mortality among patients
ith neurologic complications was even more pronounced in
recent study from our institution, whereby patients who
resented with a neurologic complication after open descend-
ng thoracic or thoracoabdominal aortic surgery had a 64%
n-hospitalmortality rate comparedwith 17% in-hospitalmor-
ality in those without a neurologic complication.9
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December 20121514 Ullery et alThe objectives of this study were to identify predictors
of perioperative stroke, describe the vascular distribution of
strokes, and determine the clinical outcomes and conse-
quences of stroke after TEVAR. Information on the clinical
and radiographic characteristics of PC strokes has been
recognized to lag behind that for AC strokes.10,11 PC
strokes have traditionally been attributed to hemodynami-
cally significant vertebrobasilar insufficiency, whereas AC
strokes have been attributed to embolism from the heart,
proximal aorta, or extracranial internal carotid arteries.
Thromboembolic events served as the cause of periopera-
tive PC strokes in our series, a finding consistent with that
observed among the 407 patients in the New England
Medical Center Posterior Circulation Registry.12 The registry
Table VI. Clinical characteristics and outcome of patients
Patient
Onset
(hours)
Vascular
distribution Laterality Clin
1 3 Anterior Left Right-sided hem
2 0b Anterior Left Right upper extr
mild aphasia
3 48 Anterior Bilateral Decreased respon
4 0b Anterior Right Left-sided facial d
5 31 Anterior Right Left-sided hemip
6 72 Anterior Left Right-sided facia
7 140 Anterior Left Right lower extre
mental status
8 744 Anterior Bilateral Right-sided facia
9 47 Posterior Left Right-sided visua
10 73 Posterior Right Dysarthria, chang
11 0b Posterior Bilateral Did not recover
12 0b Posterior Bilateral Did not recover
13 87 Posterior Left Right-sided visua
14 33 Posterior Bilateral Expressive aphasi
15 3 Posterior Bilateral Did not recover c
16 6 Posterior Left Right upper extr
17 11 Posterior Right Did not recover c
18 74 Posterior Right Right upper extr
19 15 Posterior Bilateral Left lower extrem
20 40 Posterior Left Right upper extr
dysarthria
LTAC, Long-term acute care facility.
aDisposition at time of hospital discharge.
bIntraoperative stroke with neurologic deficits noted upon emergence from
Table VII. Postoperative outcomes in patients with
anterior and posterior circulation strokes
Variable
Anterior stroke
(n  8)
No. (%)
Posterior stroke
(n  12)
No. (%) P
In-hospital death 0 (0) 4 (33) .12
Complications
Respiratory failure 2 (25) 3 (25) .99
Arrhythmia 2 (25) 4 (33) .99
Cardiac arrest 1 (13) 1 (8) .99
Acute renal failure 0 (0) 1 (8) .99
Infection 2 (25) 2 (17) .99
Spinal cord ischemia 0 (0) 1 (8) .99noted that embolism was the most common mechanism of stroke in their series (40% of patients). Embolic sources in-
luded 24% cardiac, 14% artery-to-artery, and 2% cardiac and
rtery-to-artery.12 The New England Medical Center Poste-
ior Circulation Registry thus concluded that the mechanisms
f AC and PC strokes are more alike than dissimilar. Other
stroke
anifestations
Full neurologic
recovery at discharge Dispositiona
is No Rehab
paraparesis, facial droop, Yes Rehab
ess No LTAC
, dysarthria Yes Rehab
Yes Rehab
p, expressive aphasia Yes Home
paraparesis, change in Yes Rehab
p Yes Rehab
cut No Home
mental status No Died
iousness postprocedure No Died
iousness postprocedure No Died
cut, dysarthria, dysmetria Yes Rehab
No Rehab
iousness postprocedure No Rehab
paraparesis No Rehab
iousness postprocedure No Died
paraparesis, dysarthria No Home
araparesis Yes Home
paraparesis, facial droop, No Rehab
hesia.
ig 1. In-hospital mortality and neurologic status at hospital
ischarge in patients with stroke after thoracic endovascular aortic
epair (TEVAR). *P  .05.with
ical m
ipares
emity
siven
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emitytroke registries have demonstrated similar findings.13-16
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Volume 56, Number 6 Ullery et al 1515Moreover, a recent comparison in nonsurgical patients found
that patients with AC or PC strokes were similar in demo-
graphic characteristics, vascular risk factors, comorbidities, use
of diagnostic evaluations, etiology, and outcome.17
Several case series emphasized the poor prognosis of
Fig 2. Kaplan-Meier survival outcomes for patients with
aortic repair (TEVAR).
Fig 3. Kaplan-Meier survival outcomes for patients w
thoracic endovascular aortic repair (TEVAR).patients with acute ischemic stroke involving the PC circu- ration, with a substantial proportion experiencing progres-
ive neurologic deterioration, recurrent ischemic symp-
oms, or death.18-20 Clinical outcomes have been noted to
e particularly poor when PC strokes involve acute com-
romise of antegrade vertebral artery perfusion. Caplan18
ithout perioperative strokes after thoracic endovascular
erioperative anterior and posterior circulation strokesand with peported eight of nine patients with PC strokes associated
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December 20121516 Ullery et alwith bilateral vertebral artery occlusion sustained recurrent
strokes and ultimately died 6 months of initial presenta-
tion. More recently, Tariq et al20 reported outcomes of five
patients with symptomatic bilateral vertebral artery occlu-
sion. Four of the five patients (80%) exhibited recurrent or
sustained neurologic decline 3 months of presentation,
and two of these patients died shortly thereafter.
Our comparison of perioperative strokes based on vascu-
lar distribution yielded similar results to those in the medical
(nonsurgical) literature with regard to the absence of differ-
ences in baseline demographics and mechanisms between
patients havingACorPC strokes. All strokes in our serieswere
embolic, a finding that has been corroborated in other
reports examining outcomes after TEVAR.1,3,7 Univariate
analysis also failed to identify any significant difference
between those with AC or PC stroke relative to comorbidi-
ties, vascular risk factors, or other perioperative variables.
However, PC stroke did appear to be associated with worse
clinical outcomes in our cohort: one-third of these patients
died before hospital discharge. All patients with AC strokes
survived to hospital discharge.
Survival and neurologic status at follow-up were also
inferior among those with PC strokes. Indeed, results of
neurologic examinations were normal in three-fourths of
patients with AC strokes at the time of midterm follow-up
compared with only one-fourth of those with PC strokes.
These results are consistent with published reports, which
have noted PC strokes have a higher probability of unfa-
vorable outcomes as measured by relatively low National
Institutes of Health Stroke Scale scores. These differences
may be partly related to the way in which the National
Institutes of Health Stroke Scale is weighted toward deficits
of AC rather than PC strokes.21,22
Prior stroke was a risk factor for both AC and PC
strokes. Studies have identified severe atheromatous disease
of the aorta, combined with surgical manipulation of the
aorta, to be important risk factors for perioperative stroke
after TEVAR. A previous study at our institution1 exam-
ined the severity of atheromatous disease in the thoracic
aorta based on preoperative CT scans in 117 patients
undergoing TEVAR. A modified CT grading scale, based
on established criteria from transesophageal echocardiog-
raphy studies, was used to classify the severity of existing
atherosclerotic disease. Grade IV (5 mm) atheromatous
disease of the aortic arch or proximal descending thoracic
aorta was strongly associated with perioperative stroke
(OR, 14.8; 95% CI, 1.7-675.6; P  .0016), with a sensi-
tivity of 87.5% and specificity of 67.9%. Studies using
transesophageal echocardiography have similarly shown a
strong association between the severity of atherosclerotic
disease and the presence of mobile atheroma with the
vulnerability for atheroembolism.5,23
Although zone coverage did not significantly differ
between patients with AC and PC strokes, endovascular
coverage of the LSA (zone 2 coverage) was an independent
risk factor for perioperative PC stroke. The related topic
regarding the utility of preoperative LSA revascularization
as a means of preventing perioperative stroke after TEVAR pemains controversial. One recent meta-analysis indicated
hat LSA coverage without revascularization was a risk
actor for vertebrobasilar ischemia.24 However, another
eta-analysis indicated that preemptive LSA revasculariza-
ion failed to offer any protection against stroke, citing LSA
overage alone as the primary risk factor for stroke indepen-
ent of whether an LSA revascularization procedure was
erformed.25 The report identified a higher incidence of
troke in patients undergoing LSA coverage, including
atients treated with (pooled OR, 3.18; 95% CI, 1.17-
.65) and without (pooled OR, 2.28; 95% CI, 1.28-4.09)
reoperative LSA revascularization. In a 2009 report by
otelis et al,26 stroke rate was 3.0% in patients with LSA
overage without revascularization vs 3.9% in other patients
OR, 0.57; 95% CI, 0.12-2.8; P  .73).
Radiographic-based investigations of neurologic com-
lications after TEVAR have shown that most strokes in
his setting are embolic in nature,1,3 a finding consistent
ith those noted in the present study. Such embolic infarcts
ould not necessarily be avoided by use of preoperative
SA revascularization and, in light of the mixed results in
he current literature, may argue against the routine use of
SA revascularization. The topic of preoperative LSA re-
ascularization in the prevention of PC stroke warrants
uture investigation in a well controlled, randomized study.
CRI served as an additional risk factor for stroke after
EVAR. In our earlier review of 84 patients with CRI
ndergoing TEVAR, those with serum creatinine levels
1.5 mg/dL had a significantly higher rate of major ad-
erse events (25.0% vs 6.9%; P  .00003).27 Patients with
enal dysfunction had a higher incidence of postoperative
troke of 6.0% vs 3.2% in that analysis, but this failed to
each statistical significance (P  .33). In addition, our
ore recent 10-year experience with the endovascular
reatment of thoracic aortic pathologies found chronic
enal failure was independently associated with the devel-
pment of perioperative stroke (OR, 2.5; 95% CI, 0.94-
.70; P  .05).28 We postulate that the increased risk of
troke in these patients may be a result of the generalized
therosclerotic burden in patients with renal failure.
ONCLUSIONS
Stroke involving the PC circulation was identified as an
mportant complication of TEVAR that contributed to
ostoperative morbidity, mortality, and survival rates. Such
trokes may be under-reported or difficult to diagnose
ecause they do not necessarily manifest clinically as focal
eurologic deficits and are not uniformly detected on rou-
ine CT imaging studies. All strokes in our series were
mbolic and, notably, were not caused by vascular insuffi-
iency. Our findings advocate for additional investigation
irected toward a better understanding of cerebral embo-
ization based on vascular distribution and, further, devel-
ping strategies to decrease the risk of thromboembolic
vents during and after TEVAR. As the applicability of
EVAR continues to extend to a growing number of aortic
athologies and borderline proximal seal zones, the need to
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Volume 56, Number 6 Ullery et al 1517understand complications arising from arch emboli be-
comes increasingly important.
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